The host cell penetration factor (PEF) of Toxoplasma gondii was studied by biochemical and immunological techniques. Sephadex gel filtration of an ammonium sulfate-precipitated PEF yielded two components with different molecular weight, but both having penetration-enhancing activity. The 
hancement of penetration, 0.001 Ag of protein was sufficient. Biochemically, they appeared to be acid proteins with the same electrophoretic mobility. Both components showed maximal enhancement of penetration at pH 7.6 and 37 C. PEF antisera reduced the penetrative capacity of Toxoplasma parasites. The penetration-enhancing effect of the two components of PEF was inhibited by antiserum against any of them. Moreover, immunologically identical immunoprecipitates were obtained when antiserum reacted with the two components. The results thus indicated that the two components of PEF were immunogenically identical and that the difference in molecular weights might result from aggregation. Immunofluorescence indicated that PEF was related to cytoplasmic structures located in the anterior end of Toxoplasma. A possible relation between these structures and the paired organelle or the convoluted tubes was discussed. The number of parasites with immunofluorescence was low shortly after host cell penetration and increased during the intracellular life of the parasites after kinetics, previously observed for synthesis of PEF as well as for lysosomal activity of Toxoplasma.
Toxoplasma gondii contains a factor important for the penetrative capacity of the Toxoplasma trophozoites (11, 15) . The factor, extractable from suspensions of parasites, seems to be of an enzymatic nature, probably of lysosomal origin (14, 15) . It is spent by the parasites during the process of penetration, exerting its effect upon the hostcell wall, and again synthesized during the intracellular life of the parasite (13) . If added to parasite inocula, it increases the virulence for mice of various Toxoplasma strains (12) . In the present report, the penetration-enhancing factor (PEF) of Toxoplasma is studied by means of immunological and biochemical techniques.
MATERIALS AND METHODS
Toxoplasma parasites. The RH strain of T. gondii was used in all experiments. Parasites were collected from the peritoneal cavity of Swiss albino mice on the 3rd day after intraperitoneal infection. Suspensions of parasites, free from exudate fluid and from most of the peritoneal cells, were prepared according to a technique described previously (10) . These suspensions were used as test parasites in the assays of parasite penetration and as inoculum for cell cultures.
Test for assaying penetration of Toxoplasma parasites. The cell culture technique used was described previously (10) . Materials to be tested or Hanks balanced salt solution (BSS) were mixed with test parasites and inoculated into test cultures. After incubation at 37 C for 19 hr, the cultures were read in a phase-contrast microscope. The quotient between the number of Toxoplasmna parasites that had penetrated host cells and the number of exposed cells was determined and this quotient X 100 is referred to as the relative number of infective units (RNIU).
Parasite-infected suspension cell cultures. HeLa suspension cell cultures containing 2.4 X 108 cells in 200 ml of Eagles minimal essential medium for suspension cultures (Grand Island Biological Co., Grand Island, N. Y.) with penicillin and streptomycin (100 units and 100,tg, respectively), double amounts of amino acids, and 10%o human dye-test negative serum were used. A cell culture was inoculated with 25 ml of a suspension of Toxoplcasmiia parasites containing 2.5 X 106 parasites per ml and incubated at 37 C for 48 hr. Cells and extracellular parasites were then sedimented by centrifugation at 400 X g for 20 min, suspended in 35 ml of BSS, and inoculated into two suspension cultures which were incubated at 37 C for 2 days. The 70-ml amount of cell-parasite suspension obtained was used as inoculum for another four 278 PENETRATION-ENHANCING FACTOR OF T. GONDII cultures. This second passage resulted in a 140-ml suspension of parasite-infected cells and extracellular parasites and was used for extraction of the PEF.
Extraction of PEF. The technique for extraction of PEF has been described in detail previously (15) . Briefly, the material was frozen and thawed three times, sonically treated for 15 min, and centrifuged at 20,000 X g for 45 min. The supernatant obtained was incubated at 37 C for 1 hr and centrifuged at 80,000 X g for 45 min to remove substances inhibiting PEF. After dialysis against distilled water for 4 hr, the material was lyophilized and stored frozen at -90 C. (9) . Antisera. Antisera were prepared by immunization against various fractions of gel-filtered PEF (Table 4 ). The volume of each fraction was adjusted to 10 ml by dialysis against polyethyleneglycol. In addition, an anti-HeLa cell serum was prepared by immunization with a suspension of homogenized HeLa suspension cells. One rabbit and 12 white rats were injected with the fractions of PEF. All animals were bled before the immunization and the preimmune sera obtained were tested for absence of dye-test and Toxoplasma complement fixation (CF) antibodies. The animals received various numbers of intramuscular and intraperitoneal injections (Table 4) , each consisting of portions of the antigen and Freunds complete adjuvant (Difco) and 100,4g of polyI-polyC in 0.1 ml of saline (3; Microbiological Associates, Bethesda, Md.). The injections were given with 2-week intervals, and the animals were bled by heart puncture 1 week after the last injection. The sera were tested with dye tests, CF tests, immunofluorescence, gel diffusion, and Toxoplasmapenetration assays. If not otherwise stated, the sera were used diluted 1:2 in BSS and inactivated at 56 C for 30 min.
Dye test. Dye tests were performed by the method of Sabin and Feldman (16) with the modification described by Strannegard (17) . The final dilutions of the sera were 1:2.5,1 :10, and 1:50.
CF tests. The sera were tested for CF antibodies against 4 CF units of an antigen obtained from Toxoplasma-infected hen's eggs. A guinea pig serum was used as source of complement and was diluted 1:55. The sera were diluted 1:4, 1:8, 1:16, and 1:32 (final dilutions).
Immunodifiusion tests. Double diffusion in gel was performed by the micromodification of Wadsworth (18) . In the immune electrophoretic studies, the technique described by Wadsworth and Hanson (20) was used. Electrophoreses were run for 45 min with a field strength of 5 v per cm. Photographic registration was made with Polaroid panchromatic film reproduction (19) .
FA test. The indirect fluorescent-antibody (FA) technique was used. HeLa cells cultivated for 24 hr in Leighton tubes were each inoculated with 106 parasites in 1 ml of BSS. After various times of incubation at 37 C, the cover slips were removed, washed in BSS, air-dried, and fixed in acetone for 10 min at room temperature. Samples of the parasite inoculum were prepared by air drying 0.15-ml amounts and fixing in acetone as above. In all experiments, a rabbit anti-PEF serum was tested. The samples were incubated for 30 min with the serum, washed five times in saline, and incubated for 30 min with a fluorescein isothiocyanate-conjugated, dye-test negative, antirabbit globulin of sheep origin (Progressive Laboratories, Baltimore, Md.), diluted 1:2 in saline. After five washings in saline, the samples were counterstained in Evan's Blue, 1:10, components constituted only a very small part of the protein content of the PEF standard solution. Moreover, purification of PEF resulted in a near 100% increase in penetration-enhancing activity (Table 1) . Peak 1 and peak 2 contained less than 0.2% of the proteins present in the standard solution of PEF, whereas the penetration-promoting activity per microgram of protein was increased about 2,500 times. 1,000,000), whereas the peak 2 component appeared to be of an order of magnitude between that of immunoglobulin and the albumin, i.e., within 70,000 to 150,000 (Fig. 2) .
The findings that treatment with trypsin or phenol destroyed the activity of PEF strongly supported the view that PEF was of protein in nature. In the experiments, PEF was incubated with 1.25% trypsin or 80% phenol for 3 hr. To remove the trypsin and phenol after the treatments, PEF was precipitated with ammonium sulfate before the assays in cell cultures (Table  3) . 7.6 and increasing instability at temperatures above 37C, i.e., in these respects they did not differ from the PEF of nonpurified extracts (11 At temperatures below 37 C, both peaks gradually lost their activity; at 25 C, no penetration enhancement was seen (Fig. 3) .
Effect by PEF antisera on the host cell penetration of Toxoplasma. The antigens used and the immunization schedule for preparation of antisera are described in Table 4 . Preimmune sera as well as antisera were tested by dye tests and CF tests. None of these tests showed presence of antibodies against Toxoplasma.
Subsequently, the antisera were tested for content of antibodies against PEF. As antigens, the highly potent fractions II (peak 1) and IV (peak 2) were used, separately or in combination (VI). The antigens diluted is BSS and the antisera were allowed to react for 1 hr at room temperature, and the mixtures were then added to test parasites and inoculated into test cultures. Table 5 demonstrates that the penetration-enhancing effect of the antigens could be removed by the homologous antisera (B, D, and F) and, in addition, that the inhibiting antisera crossreacted with all of the three enhancing antigens. As antigen VI was a combination of II and IV, the results suggested an antigenic similarity between these two antigens. Neither the antisera against antigens I, 111, V, or VII nor the preimmune sera showed inhibiting effect on the enhancement of the Toxoplasma penetration. In a following experiment, antisera B and D were serially diluted and the dilutions were tested for inhibiting effect on antigens II and IV. In agreement with the results mentioned above, it was found that the sera inhibited both antigens to the same extent (Fig. 4) .
The antisera B and D were also found to be inhibitory to the penetration of ordinary parasites, not stimulated by addition of PEF. In three experiments, test parasites were incubated with serum for 1 hr before the inoculation into test cultures. ity of parasites then released in the cultures by bursting host cells (Table 7 ). The observations were interpreted as indicating that activity of PEF was important for the normal penetration of the Toxoplasma parasites.
Diffusion-in-gel studies. The preparations of PEF obtained by Sephadex chromatography, an HeLa cell homogenate, antiserum F prepared by immunization of a rabbit with antigen preparation VI, and a rabbit Toxoplasma hyperimmune serum with a dye-test titer of 1:16,000 were studied with the double diffusion-in-gel technique. The antigens were used in a concentration corresponding to 50 times the one of the PEF standard solution, and the antisera were used two times concentrated. Immunoprecipitates were demonstrable testing antiserum F against the antigens II, IV, and VI. No precipitates appeared with any of the other antigens tested or the Toxoplasma hyperimmune serum (Fig. 5) (Fig. 7) . With the use of Toxoplasma hyperimmune serum, the fluorescence was restricted to the pellicle of the parasite. With antiserum F, on the other hand, both parasites of the inoculum and those inside infected cells re- vealed small cytoplasmic fluorescent spots in the anterior end of the parasites if studied within 4 hr after the inoculation. These spots were also seen in parasites released from cells bursting after 24 hr of infection, but then the parasites showed, in addition, fluorescence of the membrane in the anterior end and cytoplasmic structures resembling the paired organelles.
The appearance of immunofluorescence in the parasites in relation to the stage of infection is recorded in Table 8 the trophozoites by means of the FA method. To achieve this, a specific antiserum had to be prepared by immunization with a satisfactorily purified antigen of PEF. As pointed out previously (11, 15) PEF seems to be a protein with an enzymatic activity. In accord with the proteineous nature of PEF, its effect on parasite-host cell interaction disappeared after treatment with phenol or trypsin. It could be precipitated with (NH4)2SO4, and it migrated electrophoretically as a slightly acid protein. Like most enzymes, it was active in very small amounts. In fact, fractions obtained by Sephadex chromatography which were biologically highly active demonstrated spectrophotometrically minute, if any, amounts of protein. Therefore, it had to be anticipated that although preparations of PEF demonstrated a marked penetration-promoting activity, they contained little of PEF in substance. It was also found that, shortly after the addition of PEF to cultured cells, its penetration-promoting activity disappeared (13) , indicating that PEF was used on contact with cells. Against this background, the difficulties encountered in evaluation of the purification of PEF and its seemingly low immunogenicity were explicable.
By means of a combination of (NH4)2SO4 precipitation at 30%', saturation and a subsequent Sephadex G-200 gel filtration, two preparations of purified PEF were obtained. More than 99.9% of the extraneous protein, present in the original solutions of PEF which were obtained as extracts of Toxoplasma parasites, were removed by these procedures although the penetrationenhancing activity was increased about 2,500 times. Less than 0.001 Og of protein of these preparations was required to give demonstrable enhancement of the penetration.
The chromatography indicated that the penetration-enhancing activity was associated with at least two different components, one of which seemed to have a molecular weight between 70,000 and 150,000 and the other about 10 times larger.
However, in both cases 37 C was found to be the optimal temperature for enhancement of the penetration, and no difference between the two components with regard to thermal inactivation or pH stability was observed. Moreover, the immune sera prepared by immunization with the two fractions of PEF showed cross-reactivity which indicates capacity to inhibit enhancement of penetration; tested in double diffusion in gel, the fractions themselves were found to contain only one and the same antigen. As, in addition, the same electrophoretic mobility was found for this precipitinogen and PEF, the results suggested that the difference in molecular weight between the components might be the result of aggregation of PEF.
VOL. 3, 1971 (14) that lysosome-like bodies of Toxoplasma seemed associated with the capacity of penetration of the parasites. It is possible that the same structures studied in the latter report were studied with the FA technique used in the present report. In both cases, the results indicated that structures located in the anterior end of the parasites were associated with the penetration of the host cells and the synthesis of PEF.
